CONSTANT VELOCITY UNIVERSAL JOINT AND WHEEL BEARING DEVICE USING 

THE SAME 



Background of the lovemion 

Field of the Invention 

(0001] The present invention relates to a constant velocity universal joint for use in a 
power transmission of a vehicle, various industrial machines^ and the like, and also to 
a vAittl bearing device for routably supporting a driving wheel to a vehicle body using the 
same. 

Description of the Related Art 

[0002] A whed bearing deivice of a vdiide, as shown in Fig. 6 as an example, indudes a 
wheel hub 1^ a double-row bearing 2, and a constant velocily universal joint 3, as essential 
components. In ihs bearing device, the constant velocity univoval joint 3 is press-fitted 
into an inner periphery of the wheel hub 1 in order to allow torque transmission. Fig. 5 
shows an outer joint member 12 that constitutes a conventional constant vdocity imiversal 
joint 3 assembled hi the whed bearing device in Fig. 6. Components for the wheel bearing 
device have the following constructions, 

[0003] The vAed hub 1 has an outboard side inner race 4 formed on its outer peripheral 
sux&ce, and a flange 6 Ibr attachment of a whed (not shown). Hub bolts 7 for fixing a 
wheel disc are inserted at equal intervals in a circumferential direction of the flange 6. An 
inner ring 9 is fitted onto a smaller diameter stepped portion S of the outer peripheral sur&ce 
of the wheel hub 1 on the inboard side end. An inboard side inner race S is formed on the 



outer peripheral surface of the inner ring 9. A serration 10 is formed on the inner peripheral 
surface of the through hole of the wheel hub 1 . 

[0004] To prevent a creep, the inn^ ring 9 is press-fitted with an adequate amount of 
interference. The outboard side inner race 4 formed on the outer peripheral sur&ce of the 
wheel hub 1 and the inboard side inner race 5 foimed on the outer peripheral surface of the 
inner ring 9 are used as double-row inner races. The>inher ring 9 is press-fitted onto the 
smaller diameter stepped portion 8 of the wheel hub 1, and an outer joint member 12 of the 
constant velodly universal joint 3, inserted from the inboard side of the wheel hub 1 in the 
axial direction, is then fiistened onto the whed bub 1 to mate the end portion of the inner ring 
9 with the shoulder portion 13 of the outer joint member 12 so as to prevent the inner ring 9 
from coming off and to perform a pre-load control 

[0005] An outer ring 14 has outer races IS and 16 on hs inner peripheral sur&ce» to &ce 
the Inner races 4 and 5 of the whed hub l and the inner ring 9. respectively; and a flange 17 
fbr attachment onto a vehicle body (not shown). This flange 1 7 is fixed to the knudde (not 
shown) extended fi-om a suspension apparatus of the vehicle with bolts. 
(0006) The bearing 2 is a double^row angular contact ball bearing, and has rollers 18 
interposed between the inner races 4 and 5, and the outer races 15 and 16. The inner races 4 
and S are formed on the outer peripheral sur&ces of the wheel hub 1 and the inner ring 9, 
respectively. The outer races 15 and 16 are formed on the iimer peripheral surfkce of the 
outer ring 14. The rollers 18 in the respective rows are held with a cage (not shown) at equal 
intervals in a drcumferendal direction. A pair of s«als 19 and 20 are fitted to the inner 
peripheiy of the outer ring 14 at both open ends of the bearing 2 to seal an annular space 
between the outer ring 14, and the wheel hub 1 and the inner ring 9 to prevent grease filling 
inside the bearing firom leaking and to prevent inmision of wat^ and foreign matters firom 
outside. 



[0007] The constant velocity universal joixxt 3 includes an outer joint member 12 having a 
track groove 21 formed on an inner peripheral sur&ce, an inner joint member 23 having a 
track groove 22 foxmed on an outer peripheral sui&ce opposing to the track groove 21 on the 
outer joint member 12, balls 24 mterposed between the track groove 21 on the outer joint 
' member 12 and the track groove 22 on the inner joint member 23^ and a cage 25 retaining 
balls 24 between the outer joint member 12 and the inner joint member 23. 
[OOOS] The outer joint member 12 inchxdes a bowl-shaped mouth portion 26 
accommodating the imer joint member 23, the balls 24 and the cage 2S, and a stem portion 
27 integrally formed with and extending from the mouth p^ortion 26 hi an axial direction with 
a serration 11 formed on its outer peripheral surfece. To fix the constant vdociiy universal 
joint 3 to the wheel hub 1, the stem portion 27 is inserted into the through hole of the wheel 
hub 1, so that the outer peripheral sur&ce of the stem portion 27 and the inner peripheral 
surfkce of the through hole ar« mated with the serrations 11 and 10 which are formed thereon, 
respectively; and a nut 29 is set to the thread portion 28 formed in the shaft end portion and 
tightened. A pre-load is controUed by applying an axial force produced by tightening the nut 
29, 

(0009] As shown m Fig. 5, the outer joint member 12, which is a part of the 
abov^mentioned constant velocsity universal joint 3, includes the mouth portion 26 and the 
st^ portion 27. The moutii portion 26 has the plurality of track grooves 21 foxmed on its 
inner peripheral sui&ce^ and a shoulder portion 13 formed pn the outer peripheral surfiice 
corresponding to its bottom portion. The stem portion 27 has a back &ce 30, which is an 
end face of the shoulder portion of the mouth portion 26» to be abutted to an end portion of the 
mner ring 9, a thread portion 28 and the serration 11 that enables torque transmisi^on between 
the wheel hub 1 and the stem portion 27. The stem portion 27 is fixed to the wheel hub 1 by 
ti flhtftmug the nut 29 on the thread portion 28, thereby mating the serration 11 with the wheel 
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hub 1 to transmit the torque. 

[0010] Accordingly, a base portion 3 1 of the stem poison 11 is subjected to a tensile 
stress caused by tightening the nut 29 to the thread portion 2S, a shearing stress caused by the 
torque transmission through the serration 1 1, and a bending stress by the wheel hub 1 to 
which the wheel is mounted. Since the bade portion 3 1 of the stem portion 27 must have a 
length enou^ to endure this compound stressi the base .portion 3 1 is designed to have 
enough wall thickness in the back &ce 30 and is subjected to sur&ce hardening treatment. 
[0011] Howefver, an increase in the wall thickness in the back face 30 can lead to increase 
in the wdght of the constant velocity universal joint 3, which is not preferable. Since it also 
locates the center of the outer joint member 12 as near .as possible to the center of king pin, 
restriction is imposed on the design of the base portion 3 1 of the Stem portion 27 so as tb 
select only the shape to be continued from the serration 11 to the back ftce 30 through a 
chamfer. This design limitation will cause stress concentration both at the serration II and at 
the base portion due to the chamfer shape, to decrease the strength. One possible 
couotenneasure against this problem is to make an outside diameter of the base portion 3 1 of 
the stem portion 27 larger. However, this countenneasure cannot be regarded as good means 
because it requires a drastic change in design of the vehicle ^heel portions. 
[0012] In general, a re^on ranging from the seiration 11 of the stem portion 27 to the 
shoulder portion 13 of the mouth portion 26 through the back fkce 30 of the base portion 31 
(induction hardened area A) and a track region which is an inner peripheral surface where the 
track groove 21 of the mouth portion 26 is formed (induction hardened area B) are subjected 
to 9ur£ice hardening treatment by induction hardening. The wall of the back fice 30 is 
designed to be thinner because the base portion 3 1 of the stem portion 27 is subjected to 
induction hardening. However, since the base portion 3 1 is chamfered, the depth of the 
hardened portion becomes shallow in the base portion 3 1. This depth becomes shallower 
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more significantly when the outside diameter of the sl]ipulder portion 13 is equal to or more 
than twice of the outside diameter of the serration in the stem portion 27. 
[0013] Thi& is because the base portion 3 1 is difficult jtQ be hardened for fear of a quench 
crack and a flision at the comer portion 32. The quench crack and the fiision may occur 
when the serration 1 1 of the stem portion 27, the back face 30 of the base portion 3 1 and the 
shoulder portion 13 of the mouth portion 26 are subjected to induction hardening at the same 
time because it is difficult to concentrate the hesat at the base portion 3 1 of the stem portion 27, 
while it is easy to concentrate the heat at the comer pordon 32 between the back &ce 30 and 
the comer pordon 13 . The quench crack is ea^er to occur in induction hardening than in 
other heat treatments, because heating up time to a high temperature (900 to lOOO^C) is so 
short as a few seconds and so is a cooUng time. 

[0014] A possible countermeasure against this problem is to use a fexrite core and the like 
for the base portion 3 1 of the stem portion 27 to fiidlitate a heat concentration at the base 
portion 3 1 during induction hardening. However, in practice, it is difficult to attain a good 
heat concentration at the base portion 3 1 . Another possible countermeasure is to chamfer 
the shoulder portion 13 of the mouth portion 26 to an obtuse angle. However, this may 
significantly deteriorate sealing performance. . 

[0015] Another possible countermeasure to isxprove the strength of the base portion 3 1 of 
the stem portion 26 is to change the material of the outer joint member 12 to alloy steel. 
However, this cannot be an effective countermeasure because it substantially deteriorates 
forgeability. Another possible countermeasure is to in^rove fatigue strength by shot 
peening. However, this hardly improves a static strength and impact strength. 
[0016] Frevration of quench crack at the comer portion 32 between the back face 30 and 
the shoulder portion 13 requires so numy qiuiUty control items including check of clearance 
between an hiduction heating coil and the outer joint member". 12, heat control during heating 



the coO, frequency optimization, coolant concentration control, cooling start time 
optimization, and Joxniny value control for a material, that they actually cause a low yield rate 
and a high cost. 

Brief Summary of the Invention 

[0017] The present invention is devised to solve the above-mentioned problems, and an 
object of the invention is to provide a constant velocity univmal joint that can hnprove the 
strength of the base portion of the stem portion vnlh simple and effective means. 
[0018] As technical means to achieve the above-mentioned object, a constant velocity 
universal joint according to the pres^ invention is provided'with an outer joint membo- 
including a bovid-shaped mouth portion and a stem portion with a serration formed on an 
outer peripheral surface thereof the stem portion e?ctending from a bottom portion of the 
mouth portion in an axial direction. The constant vcilodty universal joint is characterized in 
that an induction hardened area is fonned in the bottom portion of the mouth portion of the 
outer joint member The item herdn called as a serration indix^es a spline. The 
above-mentioned mouth portion and tiie stem portion can be dther one integrated part or 
respective sqmrate parts. 

[0019] In general, tiie station of tiie stem portion, a back &ce of a base portion and a 
shoulder portion of the mouth portion are subjected to induction hardening in the outer joint 
member of tiie constant velocity imiversal joint. However, according to the present 
invention, the bottom portion of the mouth portion is locally subjected to hiduction hardening 
to harden its sur&ce. This induction hardening to the bottom portion of the mouth portion 
enhances the strength of the base portion of the stem portion whose sur&ce has been hardened 
by induction hardening. 



[0020] In the above-mentioned constant velocity universal joint, an Induction hardened 
area is formed in the base portion of the stem portion, and an unhardened area may preferably 
be remained between the induction hardened area in the base portion of the stem portion and 
that in the bottom portion of the mouth portion. Because, without this unhardened area 
between the induction hardened area in the base portion of the stem portion and that in the 
bottom portion of the mouth portion, the entire area ranging from the base portion of the stem 
portion to the bottom portion of the mouth portion is hardened, improvement in fatigue 
strength becomes difiBcuh, and impaa resistance drops significamly. 
[0021] In the constant velodty universal joint of the present invention, the mducdon 
hardoied area in the base portion of the stem portion may preferably be formed after the 
fonnadon of the induction hardened area k ih& bottom portion of the mouth portion. If the 
bottom portion of the mouth portion is subjected to induction hardening after the base portion 
of the Stan portion is induction-hardened, the sur&ce of die bottom portion may be softened 
duiing heating. Since the base portion of the stem portion is subjected to induction 
hardening after the bottom portion of the mouth portion is induction-hardened, the bottom 
portion sur&ce of the mouth portion is prevented from bong softened due to the diape 
designed to have cUfficulty in induction hardening resulting in its shallower hardened depth. 
This &ciUtates the formation of the unhardened area between the base portion of the stem 
portion and the bottom portion of the mouth portion. 

[0022] A constant velocity universal joint according to another aspect of the present 
invention is provided with an outer joint member including a bowl-shaped mouth portion and 
a stem portion with a serration formed on an outer peripheral surface thereof the stem portion 
extending &om a bottom portion of the mouth portion in an axial direction. In the universal 
joint, an outside diameter of a shoulder portion formed on an outer periphery of the bottom 
portion of the mouth portion is equal to or greater than twice of an outside diameter of the 



serration of the stem portion. The constant velocity . pniversal joint is characterized in that a 
depth of an induction hardened area in a base portion of the stem portion is set to 3 mm or 
less. 

[0023] When implementing induction hardening to constant velocity universal joints 
* whose outside diameter of the shoulder portion is equal to or larger than twice of the outside 
diameter of the serration of the stem portion, heat is heavily concentrated at the comer pordon 
between the base portion and the shoulder portion of the mouth portion. However, quench 
cradc can be prevented from occuiring in the comer portion located between the base portion 
and the shoulder portion of the mouth portion by keeping a depth of the induction hardened 
area to be 3 mm or less. If the outside diameter of the shoulder portion is smaller than the 
twice of &e outside diameter of the serration of the stm portion, the problon will not occur 
i?vithout any heavy heat concentration at the comer portion between the base portion and the 
shoulder portion of the mouth portion. If the depth of the inducdon hardened area in the 
base portion exceeds 3 mm, the comer portion between the base portion and the shoulder 
portion is overheated to cause a quench cradc during cooling with water. 
[0024] In the coiistaiitvelodty universal joiiit of the present mveiidor^ 
hardened area m the bottom portion of the mouth portion can be formed at the same time 
vdien the mduction hardened area is formed in the track portion formed on the inner 
per^hcral surface of the outer johxt member. 

[0025] The constant velodty universal joint of the present invention can be applied to a 
whed bearing device which hidudes an outer member having double rows of outer races on 
its inner periphery, an inner member having double rows of inner races to fhce the outer races, 
respectively, and double rows of rollers incorporated in between the races of the outer 
member and the mner membw, and has a constant velodty universal joint inserted into and 
fitted with the inner member via the serratioa 

8 



Brief Description of the Drawings 



[0026] Fig. 1 is a cross sectional view showing a constant velocity universal joint 
according one embodiment of the present invention. 

[0027] Fig. 2 is a cross sectional ^ew of a wheel bearing i^paratus with the constant 
velocity universal joint of Fig. 1 assembled thereia 

[0028] Fig. 3 is a table showing results of a comparison test between a conventional 
product without induction hardened bottom portion of the mouth portion and the products of 
the present invention with induction hardened bottom portion. 

[0029] Fig. 4 is a table lowing results of examination on occurrence of quench crack in 
the comer portion between the back &ce and the shoulder portion in relation to various depths 
of hardened portion in the base portion. 

[0030] Fig. S is a cross sectional view showing a conventional constant velocity universal 

joint, 

[0031] Fig. 6 is a cross sectional view of a wheel bearing device with the constant 
velodty universal joint of Fig« 5 assembled therdn. 

Detailed Description of the Invention 

[0032] Fig.1 shows one embodiment of a constant velocity universal joint according to 
the present invention, which particulariy illustrates an outer joint member constttuting the 
constant vdocity universal joint Fig. 2 shows an ejcample of a structure of a wheel bearing 
apparatus with the constant velodty iszuversal joint of this embodiment incorporated therein. 
The sam reference numerals are applied to the same or substantially same components as in 



Figs. 5 and 6. The wheel bearing apparatus include?, as essentiid components, a wheel hub I, 
a double^row bearing 2, and a constant velocity universal joint 3 . The constant velocity 
universal joint 3 is press-fitted into an Inner periphery of the wheel hub 1 in order to allow 
torque transmission. 

' [0033] The wheel hub 1 has an outboard side inner race 4 on its outer peripheral sui^e 
and a flange 6 for attachment of a wheel (not shown). Hub bolts 7 for fixing a wheel disc 
are inserted at equal intervals in a circumferential direction of the flange 6. An inner ring 9 
is fitted onto a smaller (Uameter stepped portion 8 fbimed on the outer peripheral sur&ce of 
the wheel hub 1 on the inboard side end. An inboard side inner race 5 is formed on the outer 
peripheral sur&ce of the inner ring 9. A serration 10 is fonned on the inner peripheral 
sur&ce of the through hole of 'die wheel hub 1. 

[0034] To prevent a creep, the inner ring 9 is press-fitted with an adectuate amount of 
mtetference. The outboard side inner race 4 formed on the outer peripheral sur&ce of the 
wheel hub 1 and the inboard side inner race 5 fonned on the outer peripheral surftce of the 
inner ring 9 are used as double-row inner races. The inner ring 9 is press-fitted onto the 
smaller diameter stepped portion 8 of the wheel hub 1, and an outer joint member 12 of the 
constant velocity universal joint 3, inserted fi'om the inboard side of the wheel hub 1 in the 
axial direction, is then &8tened onto the wheel hub 1 to mate the end portion of the inner ring 
9 with the shoulder portion 13 of the outer jomt member 12 so as to prevent the inner ring 9 
fix)m coming oS and to perform a pre-load control. 

[0035] Anouterring 14 has out^ races IS and 16 on its inner peripheral surface, to face 
the inner races 4 and 5 of the wheel hub 1 and the inner ring 9, respectively, and a flange 17 
fyr attachment onto a vehicle body (not shown). This flange 17 is fixed to the knuckle (not 
shown) extended firom a suspension apparatus of the vehicle with bolts. 
[0036] The bearing 2 is a double-row angular contact ball bearing^ and has rollers 1 S 
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interposed between the inner races 4 and 5, and the OAiter races IS and 16. The inner races 4 
and 5 are formed on the outer peripheral surfaces of the wheel hub 1 and the iiwer ring 9, 
respectively. The outer races 15 and 1 6 are formed on the inner peripheral surface of the 
outer ring 14. The rollers 18 in the respective rows are held with a cage (not shown) at equal 
intervals in a circumfierffltial du'ection. A pair of seals 19 and 20 are fitted to the ixmer 
periphery of the outer ring 14 at both open ends of the bearing 2 to seal an annular space 
between the outer ring 14, and the wheel hub 1 and the inner ring 9 to prevent grease filling 
inside the bearing from leaking and to prevent mtrusion of water and foreign matters fi'om 
outside. 

[0037] The constant velocity universal joint 3 includes an outer joint monber 12, an inner 
jokt member 23, baUs 24, and a cage 25. The outer joint member 12 has a track groove 2 1 
formed on an inner peripheral surface thereof The inner joint meaher 23 has a track groove 
22 formed on an outer peripheral sur&ce thereof opposing to the track groove 21 on the outer 
joint member 12. The balls 24 are interposed between the track groove 21 on the outer joint 
member 12 and the track groove 22 on the inner joint member 23 . The cage 25 retains balls 
24 between the outer joint member 12 and the bner joint membor 23. 
[0038] The outer joint member 12 includes a bowl-shaped mouth portion 26 
accommodating the inner joint member 23, the balls 24, and the cage 25, and a stem portion 
27 integrally formed with and extending from the mouth portion 26 m an axial direction. A 
serration 11 is formed on its outer peripheral surface. The stem portion 27 is inserted into 
the through hole of the wheel hub 1 , so that the outer peripheral surface of the stem portion 27 
and the inner peripheral sur&ce of the through hole are mated with the serrations 11 and 10 
which are formed thereon, respectivdy. Then, a nut 29 is set to the thread portion 28 formed 
in the shaft end portion and ti^ened to fix the constant velocity xmiversal joint 3 to the wheel 
hub 1 . A pre-load is controlled by an axial force by tightening the nut 29. 
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[0039] As Bhovm in Fig. 1, the outer joixit member 12 includes: the mouth portion 26 
having the pharality of track grooves 21 formed on its inner peripheral surface, and a shoulder 
portion 13 formed on the outer peripheral surface corresponding to its bottom portion; and the 
stem portion 27 having a back face 30, which is an end face of the shoulder portion of the 
* mouth portion 26, to be abutted to an end portion of the inner ring 9, the serration 1 1 that 
enables torque transmission between the wheel hub 1 and the stem portion 27, and a thread 
portion 28. The stem portion 27 is fixed to the wheel hub 1 by tightening the nut 29 on the 
thread portion 28, thereby mating the serration 1 1 with the wheel hub 1 to transmit the torque. 
[0040] Accordingly, a tensile stress due to the ti^tening force for the nut 29 on the 
thread portion 28, a shearing stress due to torque transmission through the serration 11, and a 
bending stress caused by the wheel hub 1 to which the wheel is mounted act on abase portion 
3 1 of tlie stem portion 27. Since the base portion 31 of the stem portion 27 must have a 
strength enou^ to receive the above-nientioned compound stress, the base portion 3 1 is 
designed so as to secure an enough thickness in the back &ce 30 and to have a sur&ce 
subjected to hardening treatment. 

[0041] In general, the outer joint membo- 12 of the constant vdocity 3 is subjected to 
induction hardening at a region ranging from the serration 11 of the stem portion 27 to the 
shoulder portion 13 of the mouth portion 26 through the back face 30 of the base portion 3 1 
(Induction hardened area A) and a track portion formed on the inner peripheral surfkce of the 
mouth portion 26 having the track groove 21 formed thereon (induction hardened area B). 
[0042] In this embodiment, the bottom portion 33 of the mouth portion is locally 
subjected to induction hardening Qnduction hardened area C) to harden the surface thereof 
This enhances the strength of the base portion 3 1 of the stem portion 27 whose surfkce is 
hardened by induction hardening. The induction hardened area C of the bottom portion 33 is 
not connected with the induction hardened area B in the track portion of the mouth portion 26, 
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but is locally formed. 

[0043] In the constant velocity universal joint 3, an unhardened area D is remained 
between the induction hardened area A formed in the base portion 3 1 of the stem portion 27 
and the induction hardened area C formed in the bottom portion 33 of the mouth portion 26. 
' If any unhardened area D between the induction hardened ar^a A in the base portioa 3 1 and 
the induction hardened area C in the mouth bottom portion 33 is not formed, all area ranging 
from the base portion 3 1 of the stem portion 27 to the bottom portion 33 of the mouth portion 
becomes hardened region to make it difficult to improve &tigue strength, thereby drastically 
deteriorating its impact resistance. 

[0044] In this constant velocity universal joim 3, the induction hardened area A in the 
base portion 3 1 of the stem portion 27 is formed after the induction hardened area C in the 
bottom portion 33 of the mouth portion has been formed. If the bottom portion 33 of the 
mouth portion is subjected to induction hardening after conducting induction hardening to the 
base portion 3 1 of the stem portion 27, the surftce of the bottom portion 33 may be softened 
during the heating of the bottom portion 33 . 

[0045] As a countermeasure, the base portion 3 1 of the stem portion 27 is subjected to 
induction hardening after conducting induction hardening to the bottom portion 33 of the 
mouth portion to prevent the surface of the bottom portion 33 from being softened owing to 
the ^ape of the base portion 3 1 that makes hardening difficult and a depth of the hardened 
portion shallow. This facilitates formation of the unhardened area D between the base 
portion 3 1 of the stem portion 27 and the bottom portion 33 of the mouth portion as described 
above. 

[0046] The induction hardened area C of the bottom portion 33 can be formed at the same 
time when the induction hardened area B is formed in the track groove 21 fonned on the inner 
peripheral surfiice of the outer joint member 12 by optimizing the shape of the heating coil for 
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induction hardening. In this way, increase in the miqjber of man-hour in the heat treatment 
process due to induction hardening can be restrained. 

[0047] The induction hardened area C of the bouom portion 33 of the nxouth portion must 
be formed in a range over the diameter of a cylindrical rupture formed in a static tor^on test 
* (described later), in which a crack is formed starting from the base portion 3 1 of the stem 
portion 27 towards the bottom portion 33 to generate a cylindrical rupture. If the hardening 
area in the bottom portion 33 is wider than necessary, a strain in the mouth portion 26 will 
increase. Accordingly, the hardened area significantly exceeding diameter of the cylindrical 
rupture is not preferable. 

[0048] In the outer jomt member 12 of this constant velocity universal joint 3, if the 
outside diameter m of the shoulder portion 13 formed on the outer periphery of the bottom 
portion 33 of the mouth portion equals to or exceeds twice of the outside diameter n of the 
seiration in the stem portion 27, the depth x of the induction hardened area A of the base 
portion 3 1 of the stem portion 27 is set to be 3 mm or less. When the base portion 13 of the 
stem portion 27 is subjected to induction hardening for the outer joint member 12 having the 
shoulder portion 13 with the outside diameter m equal to or greater than the outside <fiameter 
n of the serration of the stem portion 27, the depth of the induction hardened area A ia 
adjusted to be 3 mm or less. Tins can prevent quench crack occurrence in the comer portion 
32 located between the back ftce 30 of the base portion 3 1 and the shoulder portion 13 of the 
mouth portion 26. 
[0049] (Example 1) 

The applicant of the present invention conducted a comparison test on the 
convraitional outer joint member 12 of the constant velocity universal joint 3 constituted as 
above and that according to the present invention. The conventional one inchides the 
unhardmed bottom portion 33 and that accordijog to the invention includes the induction 
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hardened bottom portion 33 . In this comparison test, a carbon sted SS3C was used as a 
xxiaterial for the outer joint member 12. The material was forged, and machmed to a 
predetermined shape, followed by induction hardening and grinding. 
[0050] Conditions of the induction hardening are as follows: 
' Frequency of the oscillator: 10 kHz; 
Input power 330 kW; 
Hating time: 3.2 to 4.2 seconds; and 
Coolant: PAG i^nthetic (water sohble). 
Specifications of serration are as fbllows: 
Outer cfiamet^: 23.284; 
Inner diamettf: 21.116; 
Number of teeth: 21; 
PCD: 22.225; 
Pressure angle: and 
Module: 1.058. 

[0051] As shown in fhe test result of Fig. 3, the conventional one was subjected to 
induction hardening only to the serration U of the stem portion 27, the back &ce 30 of the 
base portion 3 1, the shoulder portion 13 of the mouth portion 26 Ouduction hardened area A) 
and the track portion (induction hardened area B). On the other hand, in the presoit 
invention, the bottom portion 33 of the mouth portion 26 Conduction hardened area C) was 
subjected to induction hardening in addition to the serration 1 1 of the stem portion 27, the 
back face 30 of the base portion 31, and the shoulder portion 13 of the mouth portion 26 
(induction hardened area A), and the track.portion (induction hardened area B). Examples a 
to 6 show the test results for different depths of the hardened portions in the bottom portion 33. 
In Example e, the bottom portion 33 was subjected to hardened more to soften the base 
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portion 3 1 of the stem portion 27 ihtemionally. 

[0052] As seen from the test results. Examples a to d showed better results in comparison 
with the conventional one in respect of the static torsion strength. Especially, Examples b 
and c are &r superior to the conventional one. In Example e in which the base portion 3 1 
was softened^ the static torsion strength dropped and orack occurred. 
[0053] (Exan^lcS) 

The applicant prepared samples with 1,5, 1.8 and 2.0 ratios of step between the 
outside diameter m of the shoulder portion 13 and the outside diamettf n of the serration in 
the stem portion 27 for the outer joint mextiber 12 of the constant velocity universal joint 3 
constituted as above. Occurrence of quench crack in the comer portion 32 between the back 
face 30 and the shoulder portion 13 was studied with these samples fay change the depth of 
the hardened base portion 31 (by changing the output of the induction hardening equipment). 
In ibis examination, a carbon steel S53C was used as a mat^al for the outer joint member 12, 
and the material was forged and machined to a predetermined shape, followed by induction 
hardening and grinding. 

[0054] Conditions of the induction hardening are as follows: 

Frequency of the oscillator: 10 kHz; 

Input power 330 kW; 

Hating time: 3.2 to 4.2 seconds; and 

Coolant: FAG synthetic (water soluble). 

Spedfications of serration are as follows: 

Outer diameter: 23.284; 

Inner diameter: 21.116; 

Number of teeth: 21; 

PCD: 22.225; 
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Pressure tmgjc: 45**; and 
Module: L058. 

[0055] As seen from the test results shown in Fig. 4, quench crack did not occur even 
when the depth of the hardened base portion 31 was 4 mm with 1.5 and 1.8 ratios of step 
" between the outside diameter m of the shoulder portion 13 and the outside diameter n of the 
serration in the stem portion 27. However, with 2.0 ratio of step between the out^de 
diameter m of the shoulder portion 13 and the outside diameter n of the serration in the stem 
portion 27» 61% quench crack occurred when the depth of the hardened base portion 3 1 was 
? T mm Accordingly, the upper linntofthe depth was found to be 3. 1 mm. 
[0056] In the above embodiments, a constant velocity universal joint 3 used in a whed 
bearing device constituted to have a construction shown in Fig. 2 was described. However, 
the present invention is not limited to this, and applicable to constant velocity universal joints 
assembled into other power transmission eqiparatus. 

[0057] According to the present invention, by localfy subjecting the mouth bottom 
portion to induction hardening, the induction hardened area in the bottom portion of the 
mouth portion enhances the strength of the base portion of the stem portion to secure enough 
strength for the base portion of the stem portion. As a result, the thickness of the back &ce 
in the base portion can be reduced to reduce a weight of the constant velocity universal joint. 
[0058] When this constant velocity universal joint is applied to a wheel bearing device, H 
fiidlitates the design to locate the coiter of an outer joint member at the center of the king pin 
to drastically reduce the tuxnins-radhis, resuhiog in improvement in convenience. Design to 
locate the center of the outer joint member at the center of the king pin enhances the nudity 
of vehicle wheel portions, and facilitates drastic reduction in vibration to improve a feeling of 
ridix^ vehicle. In addition, as tiie center position of the outer joint member becomes doser 
to a wheel, the normal operating angl of the constant velocity universal joint is reduced to 
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suppress heat generation leading to prolong the life of the constant vdocity universal joint. 
The lower normal operating angle also reduces the vibration of the constant velocity universal 
joint to ilirther improve the feeling of riding a vehicle. 

[0059] According to the present invention, for a constant velocity universal joint whose 
outside diameter of the shoulder portion is equal to or greater than twice of the outside 
diameter of the serration in the stem portion, the depth of the induction hardened area in the 
base portion in the above-mentioned stem portion is set to be 3 mm or less. This prevents 
occurrence of quoich crack in the comer between the base portion and the shoulder portion of 
the mouth portion to fdgnificantly improve product yield rate and quality, fitdlltadng stt-wp 
time saving and abolition of 100% inspection. 
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